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Simulated Substrate Binding to the Inner Membrane Translocase AcrB
Lars Lu¨dicke.
Functioning as the engine of the AcrAB-TolC efflux pump, AcrB plays a key
role in multidrug resistance in Escherichia coli. AcrB occurs as a trimer, where
each monomer has a different conformation: loose (L), tight (T) or open (O) -
representing different consecutive states in the reaction cycle.
Here we report molecular dynamics simulations of the asymmetric 2GIF AcrB
x-ray structure embedded in a phospholipid bilayer / 150 mM NaCl environ-
ment. To study the interaction with one of AcrB’s simplest substrates, 25 hex-
ane molecules were added to the system, with three hexanes placed directly in
front of each monomer’s porter domain. Using GroMACS 4.0.3 and the GRO-
MOS96 53a6 force field we performed 5 independent MD runs, each 50ns long.
Three runs were further extended by 150 ns.
During one simulation, we observe a hexane entering the presumed drug trans-
port channel of the (L) monomer. Binding occurs in a stepwise process during
which the hexane moves towards the hydrophobic binding pocket inside the
protein before reaching a final position after 25ns, 9.7 A˚ away from Phe-628.
For the (T) monomer we observe hexane binding in a single step, reaching
its final position 9.2 A˚ away from Phe-628. In none of the runs substrate binding
takes place in the (O) monomer. However, an accumulation of hexane mole-
cules in front of the closed porter domain could be observed here.
In a second approach, we repeated the simulations now providing the antibiotic
chloramphenicol as transport substrate instead.
2964-Pos Board B69
Utilization of Thermodynamic Linkage Relationships to Test for Interac-
tions between the C2 Domains of Synaptotagmin 1
Sarah C. Kempka, Katie Miller, Jacob W. Gauer, R Bryan Sutton,
Greg Gillispie, Anne Hinderliter.
Synaptotagmin I is a calcium ion sensor involved in neurotransmitter release.
When a neuron is stimulated by an action potential, an influx of calcium ion
occurs causing the synaptic vesicle to fuse with the membrane, releasing the
neurotransmitter into the synaptic cleft. This causes a new action potential to
propagate to the next neuron, thereby transmitting information from cell to
cell by electrochemical signaling. Synaptotagmin I is characterized by a trans-
membrane region embedded in the synaptic vesicle at its N-terminus which is
connected to two C2 domains (C2A and C2B) that are located in the cytoplasm
of the neuron. Both C2 domains bind calcium ions, negatively charged phos-
pholipids, and associate with other proteins that are also involved with neuro-
transmitter release. Whether or not this process is mediated by a protein-protein
interaction between the C2 domains is unknown. Since these proteins are teth-
ered together, the very high effective concentration of one in relation to the
other means the interaction energies must be very small; otherwise, the proteins
would always be associated. Transient interactions represent a means to com-
municate binding information. Testing this is extremely challenging due to
weak interactions. Here, we have utilized a thermal denaturation approach de-
pendent on determination of free energies of stability to test this hypothesis.
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Mechanistic and Thermodynamic Insights into the Transport Cycle of
Lactose Permease
Pushkar Pendse, Jeffery B. Klauda.
The Major Facilitator Superfamily (MFS) is an important class of membrane
transporters whose members are found in almost all types of organisms and
are very diverse in terms of substrate transport. Lactose permease of E. coli
(LacY), which transports various sugar molecules across the plasma mem-
brane, is studied as a model for the MFS proteins. LacY undergoes widespread
conformational changes between a periplasmic-open and a cytoplasmic-open
state during the transport cycle. The focus of this work is to determine the
periplasmic-open structure starting with the known cytoplasmic-open crystal
structure with an emphasis on the underlying mechanism. A two-step hybrid
simulation approach that involves self-guided Langevin dynamics (SGLD)
simulations to enhance conformational sampling is used. Our model for the
periplasmic-open structure agrees well with various experimental findings.
The protonation of Glu269 and binding of a disaccharide to LacY is found to
trigger the conformational transition to the periplasmic-open state. The residues
and interhelical interactions that are important during the conformational tran-
sition are determined. This two-step simulation approach can be extended to
determine the conformational changes in other membrane proteins. In addition,
sugar binding during structural changes follows the well-established ‘alternat-
ing access model’. A more extensive study on sugar binding is carried out to
understand the ‘anomeric binding phenomenon’ of LacY (different binding af-
finities for different anomers of a disaccharide). The alchemical free energyperturbation (FEP) method is used to quantify binding affinities. The calculated
binding free energy of a-D-galactopyranoside (NPG) to LacY agrees well with
the experimental value (Nie et al., JBC, 2006). The FEP calculations for ab-
(Galp)2 and bb-(Galp)2 reveal a detailed description of LacY’s anomeric bind-
ing phenomenon. This method is extended to different anomers of other disac-
charides to elucidate anomeric binding.
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Purification of G-Protein Coupled Receptors Using Nanodiscs
Nivedita Mitra, Elsa C.Y. Yan.
G-Protein Coupled Receptors (GPCRs) are seven-transmembrane (7-TM) pro-
teins and belong to the largest gene family in the human genome. They mediate
intracellular signaling in response to extracellular stimuli such as light, small
molecules, peptides, etc.
GPCRs are expressed in a wide variety of cell types and modulate cellular and
physiological responses to the stimuli, which make them ideal drug targets. De-
spite their importance, GPCRs are not well understood at the molecular level in
terms of their activationmechanism because they are notoriously difficulty to pu-
rify for quantitative biophysical studies. Due to their 7-TM hydrophobic domain,
they need to be purified in detergents, which are often incompatiblewith their sta-
bility. Currently, GPCRs are purified using detergent conditions determined indi-
vidually for each GPCR using an empirical approach. Thus, only a handful of
GPCRs have been purified, which is an impediment to obtaining a molecular un-
derstanding of GPCRs. Here, we have developed a method for purifying GPCRs
using nanodiscs,which are nanometer sized, disc-shaped, and self-contained lipid
bilayer particles. In our method, we incorporate GPCRs straight from the cell
membrane of a mammalian expression system into nanodiscs to minimize the
amount of time the protein is in contact with detergent. Using this approach,
we have successfully purified a family B GPCR, parathyroid hormone 1 receptor
(PTH1R).Wehave investigated thebinding of purifiedPTH1R to its native ligand
PTH1 (1-34) using fluorescence anisotropy and obtained a dissociation constant
of ~29 nM, in agreementwith previous reports.Wepropose that ourmethod could
be a general approach to purify GPCRs that will enable quantitative biophysical
studies to yield a better molecular understanding of their activation mechanisms
and interactions with downstream signaling proteins.
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Monitoring Protein Association with a Membrane Bilayer Using Ultravio-
let Resonance Raman (UVRR) Spectroscopy
Rauta A. Yakubu.
Ultraviolet Resonance Raman (UVRR) as a means of studying proteins’ three
states: in solution (state I), embedded on the membrane surface(state II), or
inserted within the lipid bilayer (state III). pHLIP (pH low insertion peptide)
is the model used for membrane proteins since it can change states based on
pH going above or below 8. An artificial lipid membrane made of DMPC is
made. After calculating an efficient peptide to lipid membrane ratio for inser-
tion to use and making a suitable solution for an adequate UVRR spectrum,
we have seen that when pHLIP is in state II it is partially in the membrane
and gaining a helical structure. Using UVRR to study transmembrane proteins
in relation to pH gives researchers insight on the functionality of many
diseases.
Previous studies have shown that the C helix of bateriorhodopsin, commonly
referred to as pH low insertion peptide (pHLIP), is disordered in aqueous solu-
tions and in the presence of membrane bilayers at neutral pH. At low pH, in the
presence of membrane bilayers, the peptide spontaneously folds in to an alpha-
helix and inserts into the membrane bilayer. Ultraviolet Resonance Raman
(UVRR) has been employed to study the three states of pHLIP: in solution
(State I), embedded on the membrane surface (State II), or inserted within
the lipid bilayer (State III). Ideal peptide-to-lipid membrane ratios were deter-
mined using tryptophan fluorescence and ultracentrifugation was used to con-
centrate liposomes for UVRR measurement. UVRR studies reveal that each
state is spectroscopically distinct. The amide S mode, a marker for non-
helical structure disappears upon going from neutral to low pH.
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Thermal Stability of Rhodopsin and Implications for Retinitis Pigmentosa
Monica Yun Liu, Jian Liu, Elsa Yan.
Over 100 mutations in the dim-light photoreceptor rhodopsin are associated
with retinitis pigmentosa (RP), a visual disorder characterized by progressive
symptoms of night blindness, tunnel vision, and sometimes blindness. We
studied the thermal stability of two mutations, S186W and D190N. We hy-
pothesize that these mutations perturb an electrostatic interaction and hydro-
gen bonds in the active site and destabilize rhodopsin, which undermines the
sensitivity to light and causes RP. We compared the rates of thermal decay,
546a Wednesday, March 9, 2011thermal isomerization, and Schiff base hydrolysis of WT, S186W, and D190N
rhodopsin. Using UV-visible spectroscopy, we observed that the D190N mu-
tant and WT rhodopsin do not decay over 24 hours at 37C, whereas the
S186W mutant decays with a half-life of 36 5 4 min. We also measured
the half-lives at 55C, which are 70 5 2 min for WT, 2.4 5 0.2 for
D190N, and 0.435 0.03 min for S186W. Using HPLC and the acid denatur-
ation assay, we measured the rates of thermal isomerization of 11-cis retinal
and hydrolysis of the Schiff base linkage between retinal and opsin. We found
that the mutations also increase these rates by 1-2 orders of magnitude. Be-
cause thermal isomerization of rhodopsin generates the same physiological re-
sponse as photoisomerization, we suggest that the higher thermal
isomerization rate in the mutants increases the level of dark noise, which de-
sensitizes rhodopsin and causes the early symptom of night blindness. Be-
cause the drastic destabilizing effect of the mutations is likely correlated
with the progressive deformation of the outer segment and subsequent loss
of rod cells in RP, we propose that a future systematic study of the thermal
stability of the RP-causing mutations can potentially provide more accurate
predictions of the pace of vision loss in patients and guide strategies for
treatment.
2969-Pos Board B74
Assembly and Function of the Transmembrane Domain of the Two-
Component System PhoQ from E.coli
Matteo Dal Peraro, Thomas Lemmin.
In bacteria, two-component systems (TCS) detect the environmental changes
via a sensor kinase at the periplasmic level, which triggers a phosphorelay
cascade mediating specific gene transcriptions. PhoP/PhoQ is a TCS, which
detects and responds to divalent cations and antimicrobial peptides, initiating
a resistant response for the reshaping of the bacterial membrane. The PhoQ
sensor kinase assembly is characterized by a homo-dimeric structure, which
spans the bacterial inner membrane. The multidomain structure of PhoQ from
E.coli is largely unresolved, and consequently the mechanism by which the
chemical signal is transferred across the membrane remains unclear. We
used all-atom molecular dynamics (MD) techniques to assemble the PhoQ
transmembrane (TM) domain, which is still structurally unexplored, but ap-
pears to be crucial for signal transmission. We observed that the conserved
polar amino acids at the TM domain are important for the stability of the tet-
ramer, and are directly involved in rotation of the helical bundle upon solva-
tion. Thus, our computational results, which are consistent with experimental
cross-linking data, support a rotating four-helix TM region and give a ratio-
nale for the mechanistic transmission of the signal through the bacterial
membrane.
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Dissecting the Oligomeric Behavior of Caveolin-1 using the Analytical
Ultracentrifuge
Monica D. Rieth.
The cell membrane is involved in a variety of cellular functions such as sig-
nal transduction, membrane trafficking, calcium signaling, and lipid recy-
cling. One unique feature of the cell membrane is small invaginations
called caveolae. Caveolae are comprised primarily of an integral membrane
protein called caveolin-1, and it is the oligomerization of this protein that is
thought to play a role in the formation of the caveolae structure in cell
membranes. The caveolin-1 protein has four distinct domains: a soluble
N-terminal domain, a short amino acid stretch called the scaffolding do-
main, a transmembrane domain that is hypothesized to form a putative
hairpin-like loop in the bilayer of the plasma membrane, and a C-terminal
domain that is believed to closely associate with the surface of the cell
membrane. Understanding the oligomerization process of caveolin-1 is crit-
ical to understanding the biological role of this protein. We are investigating
the self-association of each of the four domains of the caveolin-1 protein to
determine the contribution of each domain to the oligomerization process.
By performing sedimentation equilibrium experiments in the analytical ul-
tracentrifuge and employing a technique called density matching, it is pos-
sible to determine which domains in the caveolin-1 protein are responsible
for the oligomerization of the protein in a detergent micelle solution. Using
a wide range of concentrations, we can determine which domain contributes
most significantly to the oligomerization process by closely monitoring
changes in the molecular weight of each domain as a function of increasing
peptide concentration. With this comprehensive data we can begin to under-
stand how caveolin-1 behaves in the cell membrane and therefore learn
more about its biological role.2971-Pos Board B76
Synthetic Adhesion and Migration Models of Living Cells
Christian Kreidler, Michael Ba¨rmann, Joachim P. Spatz.
Cells are indivisible units of life. Therefore, mimicking single functions of cells
has attractedmajor interest within the so-called synthetic biology field. In partic-
ular, cell adhesion, spreading and migration are fundamental functions for cells,
which areworthwhile goals to aim for from a synthetic point of view. In addition,
such biomimeticmodel systems allow for the quantitative description of cellular
functions and hence contribute to the physical understanding of living cells.
In our approach, the adhesion protein integrin aIIbb3 is reconstituted in giant
unilamellar vesicles (GUVs) containing G-actin in buffer solution. For the im-
itation of the cell‘s cytoskeleton, actin can be polymerized by the addition of
Mg2þ ions which can cross the membrane by means of an incorporated iono-
phore. To mimic the glycocalyx of a cell and to prevent unspecific binding,
PEG-functionalized lipids are also included in the membrane.
This bottom-up artificial system could be further developed by adding more
proteins successively, for example motor proteins or focal adhesion proteins
and is aiming to the synthetic reconstruction of the adhesion and migration ap-
paratus of living cells.
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Effect of FGFR3 Juxtamembrane Domain on FGFR3 Dimerization
Sarvenaz Sarabipour, Edwin Li, Kalina Hristova.
Receptor Tyrosine Kinases have four distinct domains: extracellular (EC),
transmembrane (TM), juxtamembrane (JM), and catalytic (CAT). Receptor Ty-
rosine Kinase (RTK) dimerization is critical for RTK function, and disregula-
tion of ligand-independent dimerization of RTKs is known to be the underlying
cause for a number of human pathologies. Yet, the exact mechanism of RTK
dimerization, and the roles of the four RTK domains in the dimerization process
are unknown.
To investigate the role of the juxtamembrane domain in ligand-independent ho-
modimerization of RTKs, we are comparing the dimerization of two truncated
FGFR3 constructs which both lack the catalytic domain, ECþTMþJM and
ECþTM. We assess dimerization in single membrane-derived vesicles using
the quantitative imaging FRET (QI-FRET) method [Li et al., 2008, Chen et
al., 2010]. The results show that the juxtamembrane domain of FGFR3 in-
creases the measured FRET efficiency and hence contributes to the energetics
of lateral dimerization of the FGFR3 receptor.
Li E,Placone J,Merzlyakov M, Hristova K (2008) Quantitative measurements
of protein interactions in a crowded cellular environment.Anal Chem
80:5976-5985.
Chen L, Novicky L, Merzlyakov M, Hristov T, Hristova K (2010) Measuring
the energetics of membrane protein dimerization in mammalian membranes.
J Am Chem Soc 17;132(10):3628-35.
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Unraveling Two Distinct Binding Interfaces for E Cadherin Dimerization:
A Structural Study Using Single-Molecule Super-Resolved Fluorescence
Imaging
Yunxiang Zhang, Alexandros Pertsinidis, W. James Nelson, Steven Chu.
Cadherins are homophilic adhesion molecules mediating Caþþ dependent
cell-cell adhesion. It is not very clear how exactly cadherins interact and pro-
mote cell adhesion at the molecular level. We have previously characterized
cadherin interactions with single molecule FRET and single molecule AFM
and found cadherins interact mostly through outermost EC1 domains (Zhang
& Sivasankar et al 2009). We then developed super-resolution localization
microscopy that achieved sub-nanometer precision and accuracy and applied
it to measurements of the end-to-end distances of E-cadherin dimers (Pertsi-
nidis & Zhang et al 2010). The majority of the wild type cadherin dimers ex-
hibits an extended EC5-EC5 distance of 32nm matching a strand-swapped
trans-dimer model. A smaller population of the wild type dimers shows
shorter distances of around 25nm suggesting an alternative binding configura-
tion. We extended this work further by characterizing mutations in E-cadherin
that prevent formation of the the strand-swapping interface. Interestingly, we
observed that W2A dimers exist in a more compact conformation, similar to
the minor population in the wild type dimers. The compact conformation is
consistent with a so-called X-dimer interface discovered in recent crystal
structures (Ciatto et al 2010, Harrison et al 2010). These new data refine
our previous induced-fit dimerization pathway (Sivasankar & Zhang et al
2009) and are consistent with the X-dimer being the initial encounter com-
plex. Furthermore, these results provide evidence that, at near-physiological
Caþþ concentrations, E-cadherins can utilize two distinct binding interfaces
to facilitate cell adhesion.
